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of the slide 
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further the material. 
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The philosophy of any form of education changes con- 
finually to meet new conditions and grows broader as our 
fnowledge of its implications becomes clearer through the 
Biscipline of practice. The philosophy of each branch 
aust change and grow with the trends of the whole or be- 
tome isolated and atrophied. 


The philosophy of engineering education has under- 
gone striking changes as it has grown over the past cen- 
tury. Each part of it must be aware of the direction and 
meaning of this growth or that part will be sloughed off 
1S a useless appendage. As it fails in such awareness it 
vill decrease in importance, as it succeeds it will in- 


At the present moment many would like to have us be- 
Lieve that engineering drawing has failed to grow and is 
ronsequent ly undergoing the process of atrophy. The time 
allotted to drawing in our engineering schools is de- 
preasing. Its contribution to engineering education 
seems to be lessening in importance. The problem we must 
solve is consequently very clear. Where do we seem to 
have remained static instead of having grown? What 
broader and more inclusive philosophy should we adopt to 
keep pace with that of engineering education? 


In order to arrive at any legitimate conclusions we 
nust first examine the history of such education and 
trace the growth of its dominant concepts in order that 
ye may pattern ourselves thereto. 


Perhaps it is safe to say that the first aim of en- 
yineering education was learning to do - the attaining of 
specific "know how” directly utilitarian in purpose and 
sonfined to a limited area. The emphasis was on the ac- 
yuisition of the practical knowledge and skills useful in 
the particular area. A reasonable base of theory neces- 
sarily underlay the whole but the focus of attention was 
>xperience with the practical through the direct handling 
9f materials. Put in a different way, the emphasis was 
yn the end product. 


Over the years there has been a gradual shift from 
learning how to do specific things to learning how to 
learn how. Acquiring the ability to solve new problems 
las become more important than acquiring valuable solu- 
ions to important problems. This has necessarily been 
30, for the quantity of desirable knowledge in any par- 
icular field has grown far beyond the capacity of any 
ndividual to acquire it in four years, - or, for that 
latter, in five. Hence we have gradually come to see 
hat the processes of acquiring it, the methods of attack, 
re the really important factors. If we can impart, 
‘irst, the ability to think creatively; second, the abil- 
ty to continue to learn - that is, the ability to sus- 
end judgment and continue to inquire, the ability to re- 
ain mentally dynamic; and third, the ability to make 
ood judgments - then we have accomplished the most im- 


ortant things we can do. 


OPPORTUNITIES AND RESPONSIBILITIES OF GRAPHICS 
IN AN ENGINEERING EDUCATIONAL PROGRAM 


Professor John T. Rule 


Massachusetts Institute of Technology 


Let's look at these in order. 


First, we are coming to see that creative thinking 
hinges on the ability to make a wide range of free as- 
sociations within the mind while analyzing any problem, 
Such associations spring up from the subconscious to the 
conscious during the problem examining process. The un- 
successful engineer - the mine-run pedestrian thinker - 
has certain standard, well-worn associative patterns 
which have proved successful with respect to limited, 
often-encountered problems. His mental associations 
never break through the boundaries of these standardized 
channels. This is the "crank-grinding" sort of mind 
which invariably tackles any problem in, let us say, 
physics or mathematics, by applying some known formula 
and plugging in the data. It is the over-simplified, 
black-and-white, opinionated mind that breaks down in the 
face of anything unusual and, which is much worse, in 
many instances reaches a usual solution which is second- 
rate where an unusual, imaginative, first-rate solution 
exists. 


Second, we are realizing that the direct acquisition 
of knowledge always faces the danger of stultifying the 
ability to continue to learn. Knowing the answers, or 
routine methods of obtaining answers, casts out doubt, and 
doubt is the motivating force of inquiry. Thus the inad- 
equate answer or the wrong answer is never questioned, nor 
the possibilities for a better answer ever discovered. 


The difficulty we encounter here is that thought 
processes cannot occur in a vacuum - that is, free as- 
sociations cannot be made if you have no pieces of mate- 
rial to associate. Thus in all scientific areas we must 
provide the minimum of basic material on which the mind 
can operate. This means in physics, for instance, that 
we must supply the student with some of the basic con- 
cepts of physics and with enough "though practice” with 
them to get his mind to begin to operate in the frame of 
reference that is associated with successful thinking 
about physics. In doing this we quickly lose sight of 
our main objective and bring too much emphasis to bear on 
teaching the student too much about too many topics that 
seem on the surface to be of the utmost importance. Thus 
our courses are loaded with so-called “essential” mate- 
rial which has crowded out time for fruitful, imaginative 
thinking about any of it. The trend away from such 
teaching is evident in much of our educational literature 
in the repeated observation that we teach too many topics 
without enough depth, that we cover too much ground and 
thus lose the value that comes from contemplation of the 
process of attack after we have knowledge of any particu- 
lar topic. Former President Doherty of the Carnegie 
Institute of Technology said that the undergraduate 
course in engineering should not train engineers but 
should train students to become engineers. 


Third, there is a growing emphasis on good judgment 
as the one characteristic necessary to all engineers. 
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This naturally, demands that we attempt the development 
of the ability to make good judgments. Now judgment isa 
faculty which comes into play most strongly when only 
relative answers are possible, when information is incom- 
plete, or over-abundant, when the number of variables is 
enormous and the question is not "What is the answer?” 
but "Which is the best answer?" 


The attempt to teach the quality of judgment has led 
to the use of so-called "whole problems” through the de- 
vices of the project method and the case method. Design 
courses are another instrument in this area. 


.These methods help to cure our habit of invariably 
presenting theory first, giving beautiful demonstrations 
of how the physical world operates, developing mathemati- 
cally the necessary equations and seeing to it that the 
student understands all this. We then have him do a num- 
ber of problems which he solves by applying the theory 
and the formulae which we have fed him. This is not the 
best sort of thought producing process for it develops 
the "crank-grinding” tendency in the student. It is con- 
trary to any form of real experience for it gives the 
student the results first and thus prevents him from com- 
ing in contact with the processes of reaching the results. 


We are learning that a much more fruitful procedure 
is to immerse the student in bits of an unknown world and 
allow his mind to struggle to make the proper mental as- 
sociations and the proper judgments, pulling him out of 
the morass when he goes too far wrong, and stimulating 
the proper associations by indirect suggestion in the 
middle of his struggle rather than always presenting them 
to him in a lecture prior to the problem. 


Another variant with which we shall be more concerned 
later is the importance of the capacity to observe. No 
two individuals see or understand the same thing in the 
same way. They see different things both in quantity and 
in quality. The result is a function of their selective 
attention and their awareness. This is extremely impor- 
tant in dealing with people and in the area of design. 
The perception of form, color, balance, good design, and 
suggestive detail are all factors of awareness, Further- 
more both the quantity and quality of what is observed 
can be improved by training. All Chinese look alike un- 
til you become acquainted with a number of them and then 
they all look as different as Americans. In all fields 
the trained eye or ear will detect subtle and important 
differences where the untrained sees only sameness. Nor 
is it out of place here to state that drawing in all its 
forms is a foremost instrument in sharpening and deepen- 
ing the powers of perception. 


I haven't mentioned the trend toward a broader edu- 
cation, the recognition of the importance of the humani- 
ties and the responsibilities of citizenship. These have 
quite rightly severely limited the time available for 
professional work. 


Possibly we may sum up all I have said by saying 
that the growth of the philosophy of engineering educa- 
tion has lain along the road away from the directly util- 
itarian and practical, limited in purpose and scope, to- 
ward the higher concept that such education should be a 
form of general education producing a new form of truly 
educated men peculiarly fitted in breadth of understanding 


and in capacity for competent action to guide the destin- 
ies of our complex modern world. 


Perhaps we are now in a position to examine the ef= 
fects of all this on our curricula in engineering and on 
our modes of teaching and thus narrow down to its effect 
on graphics. 


The first surface thing we note is the decline in 
the teaching of skills. Foundry and shop are largely 
gone. Even the time devoted to laboratory has decreased 
somewhat. That devoted to drawing has decreased because 
drawing has been classed in the minds of many adminis- 
trators as a skill. Certainly it is based on a skill. 
They also suspect that although it contains a high de- 
gree of immediately practical knowledge, it develops very 
little creative ability, or ability to continue to learn, 
or ability to make good judgments - in a word it does not 
develop intellectual power. They tend to forget its 
function of increasing the capacity to observe. 


To all this we are in the habit of stating that 
"drawing is the language of the engineer" and therefore 
indispensable. This argument, though I believe it to be 
true, has gotten us substantially nowhere. I think the 
engineering philosopher answers it, at least in his own 
mind, by stating that the engineer needs to read and to 
speak the language but does not need to write it. To put 


this another way, he needs only to communicate with the 


man who has the skill in the written word - the draftsman 
- by means of the spoken word - the rough sketch. The 
draftsman can then employ the written word - the finished 
drawing - which the engineer need only then be able to 
read. 


This is a very complex and difficult problem. We 
are more or less caught in a trap. All of us know that 
we cannot completely conform to the higher reaches of en- 
gineering philosophy. We all know that large numbers of 
our students are not going to be top flight engineers. 
We also know that they are going to be in need ofa use- 
ful, money-earning skill to get them started toward the 
point where they will be in a position to use their more 
powerful weapons. We cannot and should not shirk the 
duty of producing reasonably competent draftsmen. Yet 
the very fact of the high practical content of our work 
somehow seems to obscure its deeper educational values. 
We must find means of fulfilling our practical mission 
and at the sametime refute the contention that this is 
all we are doing. In other words, we must retain our 
utilitarian value, while more strongly highlighting its 
educational qualities, and at the same time move forward 
with the modern concepts of the meaning of engineering 


education. 


But how? As yet we are only groping for the an- 
swers., We have started exploring in one direction with 
some of our graphics material. I hope to show that there 
are other avenues. The entire purpose of this paper is 
to examine, in the light of what I have said so far, the 
possibilities open to us. 


I won't dwell long on the possibilities of graphics 
as a problem-solving tool. I've played that tune at 
great length over a number of years, It is true, how- 
ever, that the theories of graphics have not been de- 


veloped into a continuous logical structure. We have not 


JOURNAL OF ENGINEERING DRAWING 9 


lade it the geometric analog in all its processes of 
iquational mathematics. I believe this can be done and 
hat it will be a valuable branch of knowledge. Thus we 
jave a relatively virgin scientific world - a highly ex- 
iting, stimulating, unexplored region capable of con- 
iderably more development than we have yet achieved. It 
ffers us a major area for research that can stand on its 
wn feet for its own sake. I certainly think that we 


hould encourage our young men to work and publish in 
his area. 


| I do wish for a moment to relate this side of graph- 
cs to some of the tendencies in engineering education. 
irst, I feel very strongly that it is one of the most 
ruitful areas for developing creative thought. I find 
oO subject whatever in which original thinking is more a 
asic necessity than that of geometry. Graphical attacks 
m problems including those of descriptive geometry are 
ey little susceptible to "crank-grinding" operations 
hereas equational mathematics, at the level that most of 
ur students attain, very frequently is. The student in 
fraphics has nothing in the way of formulae or standard 
rocedures on which he can draw. He must be imaginative. 


Second, the graphics "state of mind" is a powerful 
me and a much neglected one. For many physical problems 
he graphic or geometric mode of thought is much more il- 
uminating and stimulating toward fruitful associations 
han is the equational. The aim of this phase of our 
ork should be to develop in our students the instinctive 
endency to look at all problems both ways so that they 
ill think in terms of form and shape and space relations 

that is, geometrically as well as in terms of algebraic 
ymbols. Thus we have one area which we have already be- 
un to develop. 


Graphics also has its representational side. Asa 
atter of fact, engineering drawing as we have always 
nown it is pure representation aimed at describing the 
xact size and shape of objects. All drawing departments 
ave been substantially limited to representing space ob- 
ects within a rigidly standardized, industrially useful 
attern. We all of course know that there is much to be 
ained from this. I think perhaps we would do well to 
mphasize somewhat more than we do its disciplinary qual- 
ties and its development of the ability to observe. En- 
ineering drawing is the student's first professional . 
ourse. It trains him in the capacity to take pains. It 
ntroduces him to the annoying minutia of details and of 
onforming to standards that are so basically necessary 
© all engineering practice. 


At the moment, however, I am not interested in fur- 
her discussing the virtues of our present work but in 
kpanding our concept of the representational side of 
raphics. Dean Hollister tried to show us at Dartmouth 
hat this representational aspect has the possibilities 
f much more than merely communicating the exact size and 
hape of useful objects, that it has within itself the 
apacity to develop visual awareness, to enable us to see 
he differences between Chinese, to develop an under- 
tanding of form and shape, of the feel for various mate- 
ials and their possibilities, and of their aesthetic 
jalities. All of these are very subjective and involve 
ibtlety of perception and imaginative visualization. 


Of the factors in engineering education that I have 


mentioned we are dealing here with those of creative in- 
agination, good judgment, and above all, the capacity to 
observe coupled with the sense of good ‘design. The lat- 
ter is becoming ever more important to the engineer. In- 
dustrialists and those who have or assume responsibility 
for engineering education are becoming very conscious of 
its lack in our engineers and are turning their attention 
to means of developing it. Dean Hollister is but one of 
many. The importance he attaches to it is exemplified by 
the fact that he chose to point it out to us at a very 
busy time for him when he was also not in the best of 
health. 


At the Massachusetts Institute of Technology at the 
moment, upon the request of the Departments of Architec- 
ture and of Mechanical Engineering, the Section of Graph- 
ics has been asked to prepare an exploratory nine-hour 
per week course for a full year to be required in certain 
areas in place of our current six hour courses in engin- 
eering drawing and descriptive geometry. As you will see, 
the latter are not to be left out but are to be used as 
tools in the development of the ability to observe and of 
the sense of form and design. I can do no better at this 
time than to quote portions of the statement of the pur- 
pose of the course so far as we have as yet developed the 
idea. The course is to be called "Fundamentals of 
Vision." 


"Proposed herewith is a new presentation of first- 
year subjects in Graphics, oriented toward communication 
of form through graphic means, and intended for all stu- 
dents who wish to learn the fundamentals of the language 
of representational drawing. 


"This proposal is made in the belief that drawing is 
as important to its sphere of ideas as words, mathemati- 
cal symbols, and musical notation are to theirs. The 
visualization and communication of form are basic in the 
design of civic patterns, building, engineering struc- 
tures, and integrated engineering assemblies such as 
transportation units and other industrial products. . . 


"The term drawing is here intended in its broadest 
sense, and includes mechanical as well as freehand, fac- 
tual as well as interpretive, reports of form observed 
and also records of imagined forms. . 


"Instruction technique would make use of subject ma- 
terials such as natural forms, geometrical objects, models 
of line systems in space. Principles of descrip- 
tive geometry will be used for the analytical dissection 
of space structures. A thorough grounding in projection 
systems is needed, beginning with orthographic and pro- 
ceeding to isometric, cut-away, and perspective methods. 


"Concurrently with analytical and geometrical work 
the student would be given practice in the freehand draw- 
ing directly from observation so that he may develop con- 
fidence in his ability to make notes on what he sees 
about him, relating this technique to the projection 
principles of the abstract studies. 


. "Practice in outline drawing would lead to exercises 
in the evocation of surfaces and textures of materials, 
and later to the uses of light and shade in the depiction 
of form in space. Parallel exercises using the same sub- 
ject-matter for drawings having different purposes will 
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help give the student a concept of means at his disposal 
for differential delineation such as the following; draw- 
ing for accuracy of dimension and completeness of detail; 
for tactile qualities of the materials; for photographic 
realism; for emphasis on structural qualities; and sim- 
plification or distortion for interpretive purposes. 


"Teaching would be conducted in such a way as to 
convey the idea that mechanical drawing and the freer 
kinds of representation differ only in purpose and method 
and can be mixed when needed. An important objective of 
the course would be to develop experience with different 
media and judgment in adapting the medium used to the 
purposes of the work. Lettering should be studied 
as a means of developing sensitivity to line and propor- 


"The purpose of this version of Graphics is to give 
(students) a rudimentary understanding of the importance 
of communication through vision and an elementary vocabu- 
lary for the development of later skill in expressing 
their ideas about form.” 


It should be obvious that this bears out much that I 
have said about the trends of engineering education. 


Note that engineering drawing and descriptive geome- 
try and a thorough understanding of projection systems 
are included as analytical tools in the world of visual 
understanding. They in a sense are the disciplinary ele- 
ments in developing the ability to observe and in commun- 
icating such observation for a variety of purposes of 
which accurate description for manufacture is but one. 


Consider here the application of the project method 
to some machine. The student would be required to draw 
it "for accuracy of dimension and completeness of detail”. 
He would also be required to analyze some features of it 
by means of descriptive geometry. He would then have to 
draw it "for photographic realism", in other words make a 
good pictorial. Furthermore he would then branch into 
the freer area of drawing it "for tactile qualities of 
the material", "for emphasis of structural qualities" and 
for "simplification or distortion for interpretive pur- ~ 
poses." Here choice of media and judgment about emphasis 
would come into play. Ability to observe accurately and 
completely would be at a high premium. The student would 
undergo a successive shifting of his focus of attention 
and become conscious of the surprising multitude of ways 
in which the same thing can be observed. This is the 
basic way to increase awareness. 


If we give this course it is going to be a very dif- 
ficult job at the outset but it seems to me to be one of 
the most stimulating challenges that we could possibly 
face, At any rate we have here a second new area to ex- 
plore, another wide open world into which we can expand. 


This highlights one other possibility that needs 
further emphasis. It has primarily to do with the de- 
velopment of the capacity to make good judgments. I 
spoke earlier of immersing the student in an unknown 
world and letting him work his way out. I also mentioned 
that judgment is a faculty which comes into play most 


strongly when only relative answers are possible, when 
information is incomplete or over-abundant. I also said 
that attempts to teach judgment have developed the de- 
vices of the project method and the case method. 


Now engineering drawing is ideally suited to the 
project method. It can require judgment concerning what 
to draw and how to draw it. To take the drawing of the 
simple machine mentioned above, we might say that the 
student is required to make all the judgments concerning 
its drawing for manufacture, its drawing for explaining 
how it works, and its drawing for purposes of sale. A 
drawing project course in which the student did one such 
complete job could very well follow whatever elementary 
work we might give. 


To recapitulate we might say that we have three 
broad areas of operation. 


(1) Our present major work of teaching engineering 
drawing and descriptive geometry for the direct purpose 
of developing competent draftsmen, and giving the engineer 
a basic tool of his profession. 


(2) The teaching of analytical graphics as a power 
tool of intellectual attack on physical problems. Fur- 
thermore this offers us a major field of research for ex- 
tending the horizons of our knowledge. 


(3) The teaching of the ability to observe and a 
sense of form and design, - the development of creative 
ability in the whole field of visual representation. 


Coupled with these is the possibility of new devel- 
opments in the methodology of developing good judgment 
through the project method and the case method. 


All that I have said has been cast in terms of en- 
gineering educational philosophy. Much of it is impos- 
sible for most of us to put into practice under existing 
conditions. Nor do I believe that any of us are now 
equipped with the staffs to do more than make a start, 
for no matter how competent men may be, much supplemen- 
tary training and experience is always necessary for even 
the best of them to proceed competently into new areas. 


It should be noted, however, that one of our prob- 
lems has always been the development of a wide enough 
scope to attract first-rate young men into our field and 
to hold them there once we have done so. It certainly 
seems to me that the broadened outlook I have attempted 
to outline should offer a challenge worthy of such young 
men. It has room for those of us who enjoy the disci- 
plined perfection of engineering drawing, for those who 
enjoy the analytical challenge of exploration in new 
geometric, graphics theory, and for those who are visual- 
ly minded and enjoy the subtleties of perception involved 
in form and design, 


I urge on you only the stubborn insistence that all 
geometric processes, that all things visual, that all 
things involving form and structure belong to graphics 
and that the teaching of them in their elementary and ab- 
stract phases must be our over-all goal if we are to con- 
tinue to grow with engineering education. 
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At least twenty-five thousand engineering college 
udents of drawing use problem layout sheets, according 
well known publishers. If to this number you add the 
tudents who use sheets that are not published, forty 
nousand would not be a wild guess. And if to these you 
id students using problem books in junior colleges, 
bchnical institutes, and teachers’ colleges, a good es- 
imate may be about sixty-five or seventy thousand. 


Such near-unanimity in the use of problem books is 
tartling. The advantages to engineering drawing teach- 
rs are quite clear and need no defense. But how about 
ne students? It has hardly been definitely and public- 
y established that students learn more engineering draw- 
ag when they work with problem books and partial layouts 
nan when they start from scratch and solve problems that 
. have to lay out themselves. 

| It seems right to say that it is our professional 
Dligation as teachers to publish all facts that should 
af luence our teaching procedures. If we say that stu- 
ents learn less when they use problem books, we should 
ave some evidence to substantiate the claim. Asser- 
ions are not enough. If you say that students learn 

bre when they use problem books, you should be able to 
apport your position with facts. It is true, of course, 
jmat not all assertions are susceptible of proof. But it 
s also true that we ought to find every scrap of pertin- 
at evidence and submit it to public scrutiny, letting 

21e chips fall where they may. 


Here are some scraps of evidence. You be the judge 
f their pertinence and value. At the New York Univer- 
ity College of Engineering, beginning freshman take a 
)5-hour course in engineering drawing. Before September, 
50, we had never used problem layout sheets in this 
yurse. In the year ending in May, 1950, we had records 
? 360 students who had completed the course in the Day 
vision. They had taken four "objective" quizzes during 
ie term. Of these students, 56 (15.6%) had done so well 
1 their quizzes and laboratory work that we excused them 
‘om the final comprehensive "objective" examination. 
1e remaining 304 students had to take the final examina- 
on. Let's call these the A-group, the group that did 
yt use problem books. 


We decided in September of the same year, 1950, that 
‘'d give problem books a try. We selected a set that 
emed pretty close to the kind of work we had given in 
i@ past year. We used the same textbook as in the year 
fore; we used the same teaching staff; we gave the same 
ictures, showed the same slides and movies; and we gave 
le same four objective quizzes during the term. Of the 
1 students that finished the course in the Day Division, 
| (7.6%) were excused from the final exam. The remain- 
g 195 students took the same final comprehensive objec- 
ve examination that we had used the year before. Let's 
11 these the B-group, the group that did use problem 
Oks. 


PROBLEM BOOKS — YES OR NO 


Professor Irwin Wladaver 


Professor Lewis 0. Johnson 


College of Engineering 
New York University 


Which group, A or B, made higher scores on the exam- 
ination? Before we tell you and before we try to analyze 
the results, there are certain assumptions we must make 
if our conclusions are to have the slightest validity. 


The assumptions are these, that: 


1. The two groups were about equal in whatever it 
takes to learn engineering drawing. 


2. They had about the same background in the subject 
when they came to college. 


3. The quality of instruction to both groups was the 
same - equally good or bad - and that the in- 
struction was not biased in favor of or against 
problem books. 


4. The four in-term quizzes had the same effect on 
the two groups in preparation for the final exam- 
ination. 


5. The problem book we used was a representative 
sample of available material of that nature. 


6. Exemption of the "better" students did not mate- 
rially affect the relative achievement of the two 
groups. 


7. The final examination was not prejudiced in favor 
of either group. 


8. The final examination was a reliable and valid 
measuring instrument for our purpose. 


9. Higher scores on the final examination represent- 
ed more learning of the subject of engineering 
drawing. 


Now if you grant these assumptions - and there's no 
reason why you must - you may draw any conclusions that 
seem logical. If you have any reservations about any of 
the assumptions, your interest in comparing scores of the 
two groups can be only academic. 


It may come as no surprise to you, although it did 
surprise us, to find that the A-group, the group that did 
not use problem books achieved the higher scores. First 
we'll tabulate the results and then analyze them: 


A-Group: Without B-Group: With 
problem books’ problem books 


Number taking exam. ... 304 195 


Number exempt ...... 56 16 
83.2 points 77.4 points 


+ 23.7 points + 24.4 points 


Mean Score. 
Standard Deviation. 
Standard Error of the Mean. + 1.8 points + 1.4 points 


Difference between means = 5.8 points 


Critical ratio = 2.54 
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At first glance, the difference of 5.8 points between 
the means of the two groups seems small. But a statisti- 
cal analysis of the scoring is revealing. The standard 
deviations, or what you may call the general dispersion of 
the scores, are always important. They disclose how 
closely scores tend to cluster about the mean. When one 
group has a higher mean than another group, you might 
perhaps expect to find the scores of the high-scoring 
group more widely dispered. But in this case, it didn't 
happen. The interpretation would be that the students 
who worked without problem books tended to cluster their 
scores just as tightly about the higher mean as the stu- 
dents who worked with problem books clustered about the 
lower mean score. 


A statistical element that carries great weight in 
an analysis of the achievement of two groups is known as 
the "critical ratio." It is a ratio that suggests the 
degree of statistical significance attributable to a dif- 
ference between two means. As we said earlier, the dif- 
ference between the means of the A- and the B-groups was 
5.8 points. The critical ratio of this difference turns 
out to be 2.5, a ratio of fairly substantial magnitude. 
With such a large number of students as we had, and as- 
suming normal distribution of the factor under investiga- 
tion, we have the right to say that the chances are 99 to 
1 that the difference was not due to chance alone. We 
can't say for sure that the A-group scored higher just 
because the students did their own layouts. But we can 
say that whatever the cause was it was not sheer chance, 


Yet if all this is so, how do you account for the 
exactly opposite result that came out of a study of 
scores made by two groups of Evening Division students? 
Again, we had two groups of students. The group we'll 
call the AA-group, 116 students, worked without problem 
books. The BB-group, 115 students, worked with problem 
books, the same set we had used in the Day Division 
B-group. 


Evening Students 


AA-Group: Without BB-Group: With 


problem books problem books 
Number taking exam... 116 115 
Number exempt. - 45 25 
Mean SCore .. 70.4 points 79.8 points 


Standard Deviation . . . +t 24.4 points + 32.8 points 


Standard Error of the 


i+ 


2.3 points + 3.1 points 


Difference between means = 9.4 points 


Critical ratio = 2.51 


This time the BB-group, using problem layouts, out- 
scored the group that did not use ready-made layouts. 
Furthermore, the critical ratio suggests that the differ- 
ence was probably not due to chance. 


The temptation to draw inferences and conclusions is, 
very great but it would certainly be hard to support them 
with the relatively meager information we now have. Never- 
theless, we shall make a few statements that. may possibly 
be true if the original assumptions we have made or im- 
plied are acceptable. These statements may very well be 
considered hypotheses for further and more scientific 
study of the value of problem books in the study of en- 
gineering drawing. 


1. When you have a comparatively homogeneous group 
of students just out of high school, your students 
will learn more about engineering drawing if they 
do not use problem books but do their own layouts. 


2. The scores of such a group as a whole will be 
more compactly clustered about the mean of the 
group if problem books are not used. 


3. But when you have a more heterogeneous group of 
students such as you are likely to get in evening 
schools of engineering, your students will learn 
more when they work with problem books than when 
they do their own layout work. 


4, Even though the mean score of evening students 
will be higher with problem books that without, 
the dispersion of the scores will be wider when 
problem books are used. 


One of our assumptions was that the exemption of the 
better students would not materially affect the relative 
achievement of the students. We feel impelled, however, 
to point out that the greater percentage of exempted stu- 
dents occurred in both the day and evening groups that 
did not use prepared layouts. It seems almost inevitable 
that had their scores been available, the groups not 
using problem books would have shown to even better 
advantage. 


We are not deluding ourselves for a minute with the 
thought that we have settled anything. We expect to be 
challenged, and rightly so, for the problem is important. 
If other teachers are interested in planning a more 
thorough study of the effectiveness of problem books, 
we'd like to know. Perhaps we can help prevent some of 
the errors that are evident in what we have done so far. 


One thing we are sure of. It is this: In our ef- 
forts to prepare young men and women for careers in pro- 
fessional engineering, we must do everything we can to 
lay the best possible foundation for future action - the 
foundation of greater knowledge. 


DRAWING COMPETITION 


CHICAGO -- Cash awards, slide rules, drafting equip- 
ment, and two one-year scholarships to Illinois Institute 
of Technology will be awarded as prizes in the fourth an- 
ual Chicago Public High School drafting competition. 


The contest, sponsored by Illinois Tech's department 
of technical drawing, will be divided into five different 
competitions. The first is for 1B and 1A students in 
Drafting 1; the second for 1A and 2B students in Drafting. 
2; third for 2B and 2A students in Drafting 3; the fourth 
for 2A and 3B students in Drafting 4; and the fifth, in 
advanced machine drafting is open to students enrolled in 
drafting courses up to and including the 4A semester. 


DE-TAIL 
DRAWING 
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Many who attended the gathering of the Drawing Divi- 
sion at East Lansing, Michigan in 1951, were impressed by 
ithe fine program presented and by the ease with which it 
Was conducted. As Director of the meeting and Chairman 
of the Division at the time, Professor Paffenbarger de- 
serves much of the credit for the excellence of this 
meeting. It is characteristic of him, when confronted 
with such a project, to devote his time, energy, and 
abilities without reserve toward the success of the ven- 
ture. Plans prepared in detail are carried out with a 
vigor startling to colleagues and disturbing to subordin- 
ates who must hasten to keep up. To persons working with 
him, Professor Paffenbarger seems twenty years younger 
than his calendar years because of his energy and because 
he looks like a young man. His whole life has been built 
On young ideas, friendliness, and a willingness to help 
others; consequently, his contributions to the life and 
welfare of his university, and to technical and civic or- 
ganizations reach a considerable magnitude. 


Coupled with the abilities and energy of Professor 
Paffenbarger is a personal friendliness and lack of false 
dignity which induces friends and subordinates alike to 
affectionately call him "Paffy." His sincerity and in- 
terest in students is characterized by his being the re- 
cipient of a fine brief case--a gift of appreciation by 
yne of his classes. The narrator knows of no similar in- 
stance occurring in our Department. Similarly, he knows 
9f no closer knit family than that of Professor Paffen- 
Jarger, and must remark upon the close relationship ex- 
isting between Paffy and his sons--one which is enviable. 


The character, personality and abilities of Profes- 
sor Paffenbarger are those of a fine administrator; that 
ie has developed and built on these fundamentals success~ 
tully is shown by the positions of responsbility he has 
meen given in the many committees and organizations with 
which he is associated. No better example of his admin- 
istrative ability can be cited than his leadership as 
‘hairman of the Department of Engineering Drawing at The 


PERSONALITY SKETCH OF 
PROFESSOR RALPH S. PAFFENBARGER 


Professor Paul E. Machovina 


The Ohio State University 


Ohio State University, a position he assumed in 1944. 
Figuratively speaking, stepping into the shoes of the 
former chairman must have required courage, inasmuch as 
the former executive had been Dr. Thomas E. French, a na- 
tionally known figure, who had guided his department to a 
respected position in the field of engineering drawing 
education. Under Professor Paffenbarger, the department 
has continued to advance and to maintain an eminent posi- 
tion. Individual instructors are given important re- 
sponsibilities and encouragement toward self-improvement, 
and in fulfilling these have surety in the knowledge that 
Paffy will press higher authorities for merited recogni- 
tion. He early instituted important improvements and ex- 
pansion of the physical plant. It is noteworthy that 
without these expansions, the handling of the "GI influx" 
would have been considerably more difficult. At its peak, 
the staff of the Engineering Drawing Department reached 
fifty members where the experienced teachers trained the 
new instructors and what might have been a chaotic situa- 
tion became a well-organized project under Professor 
Paffenbarger's guidance. 


The son of a dentist, Ralph Seal Paffenbarger spent 
his boyhood in the town of McArthur, Ohio, where he had 
been born April 25,1894. Following graduation from high 
school, he entered The Ohio State University from which 
he later received the degrees of Bachelor of Electrical 
Engineering, Bachelor of Industrial Engineering and Mas- 
ter of science. His first experience in teaching was 
with the Chillicothe (Ohio) High School where he taught 
mathematics and drawing from 1915 to 1917; simultaneously, 
he was employed as an engineer at the Mead Pulp and Paper 
Company. Following this, Paffy accepted an engineering 
position with the Ohio Fuel Gas Company of Columbus, 
Ohio, where he was employed until 1919, except for mili- 
tary service during World War I. During the war he 
served as Lieutenant of Infantry, and at the close was 
Instructor in Small Arms at Camp Lee, Virginia. Accept- 
ing an instructorship in Engineering Drawing at The Ohio 
State University in 1919, he embarked upon the principal 
work of his lifetime. Promotions in rank were received 
regularly with that of full professor in 1936. As has 
been mentioned he was made Chairman of the Department in 
1944, and continues to serve in that capacity. This year 
will see the completion of thirty-four years of continu- 
ous service to Ohio State. 


University and engineering faculty committees on 
which Paffy is serving or has served include: Chairman 
of the Commencement Committee--seven years, Athletic 
Board--Secretary for three years, University Scholarship 
Committee, Audio-visual Materials Committee, Chairman of 
the Diploma Committee, Chairman of the Lamme Medal Com- 
mittee, Chairman of the Ohio Section ASEE Committee, Col- 
lege Agenda Committee, and College Schedule Committee. 


Professor Paffenbarger has also given considerable 
service in office and on committees of the ASEE and the 
American Standards Association. For the ASEE, these in- 
clude: Executive Committee of the Drawing Division, 
Chairman of the Advanced Credits Committee, Chairman of 
the Engineering Drawing Division, Member of the General 
Council, National Membership Committee, and Director of 
the Engineering Drawing Summer School in 1951. Commit- 
tees for the American Standards Association include: 
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Standard for Drawing and Drafting Practice (Y-14), and 
Standard for Graphic Presentation (Y-15); in addition, he 
is Secretary of the Y-14 Committee, Secretary of the Y-14 
Executive Committee, and Chairman of the Y-14 Editing 
Committee, 


His memberships and activities in honorary, profes- 
sional, social, and fraternal organizations and listings 
include: Who's Who in Engineering, Tau Beta Pi, Alpha Pi 
Mu, Phi Kappa Tau, AAAS, ASEE, ASME, Registered Engineer 
(State of Ohio), American Legion (Commander 1945-46), Ohio 
State University Faculty Club (President 1949-50), Rotary 
Club of Columbus, University Lodge 631 F&AM (Past Master 
1931), York Chapter 200 RAM (Past High Priest 1932), York 
Council 115 R&SM (Past Master 1938) , Columbus Commandery 
No. 69 K.T., and Scioto Consistory AASR. 


In the field of authorship, Professor Paffenbarger 
has prepared a number of articles and papers on the sub- 
ject of Engineering Drawing and on the administration of 
a drawing department. He has contributed to textbooks 


dealing with his field such as "Mechanical Drawing” by 
French and Svensen and "Engineering Drawing" by French, 
and assisted extensively in the last two revisions of the 
latter text. He served as a technical advisor in the 
production of a series of motion pictures and film strips 
used in the teaching of engineering drawing. 


Professor Paffenbarger married Viola Link of Sandus- 
ky, Ohio, November 4, 1918. They are justly proud of 
their three children, Ralph, Jr., Tom, and Carolyn, and 
their four grandchildren. Ralph Jr., is a surgeon with 
the U.S. Public Health Service and on the Research Staff 
of Johns Hopkins Hospital in Baltimore, Maryland; Tom is 
a practicing attorney in Norwalk, Ohio; and Carolyn is a 
senior in High School in Columbus. 


Ralph Paffenbarger, with his many fine qualities, is 
a model one might follow for a successful life. He can 
well be the selection of all who know him as their exam- 
ple of clean living--a real gentleman, Ralph Seal Paffen- 
barger. 


AN INDEX TO THE PAST AND TO THE FUTURE 


Irwin Wladaver 


If an index has no purpose except to refer to past 
publications, then there's nothing left to say. All we 
can hope is that it's reasonably complete and accurate, 
that the headings are wisely selected, that there are 
enough but not too many cross-references, and that the 
compiler knew the alphabet. 


But in my opinion the recently distributed index to 
seventeen years of the Journal of Engineering Drawing can 
be a mine of ideas for future publications. All you have 
to do to exploit it is to dig a little, 
what I mean in a minute. 


I'll explain 


First I want to say that the past 48 issues of the 
Journal are a veritable treasury of valuable information 
and ideas. I know, because I had to read many articles I 
had never seen and many that I had brushed off. In order 
to index them, I simply had to know what was in them. 


How, for example, would you classify an article with 
the apparently silly title, "Quinine"? Well, get your 
hands on a December , 1936, Journal if you want to know 
how industrial firms appraised our students seventeen 
years ago. Do you think their attitude has changed much 
since them? Ask Professor Levens; he wrote the article 
(but I have no way of knowing whether he gave it the not 
so silly title). 


Would you like to get stirred up about some of your 
pet ideas about the education of engineers? Read what 
Professor William Griswold Smith had to say. Chances are 
you'll want to pound on your typewriter in agreement or 
in rebuttal. Professor Slantz and others usually did. 


I said a minute ago that you could dig out some 
I'll be specific and, I hope, 
challenging. For example, an early contributor to the 


ideas to write about. 


Journal, Professor Eks, was practically vitriolic in his 


condemnation of problem layout sheets in descriptive 
geometry. (You can find the reference in the Index.) Was 
he right to condemn them? Did he try them out? Did he 
refuse on principle? Were his assumptions acceptable? 

Do you use layouts? Why? Is it just a lazy teacher's 
way of getting through a semester with a minimum of 
exertion? 


Most of all, do you have any facts. Facts, not 
guesses, Or how should we get the facts? Or isn't any 
of this worth investigating and reporting? Is the line 
of least resistance a straight line? 


Are you interested in visualization - that almost 
mystical ability that some people claim is delivered 
along with the final grade in descriptive geometry? Has 
any experimenting been done? Do you have some facts, 
some ideas, some objections? 


Do we really know what we're doing when we give ex- 
aminations? What are we examining? Should we give exams 
at all? Why? And what is a reliable exam? A valid one? 


The point I'm trying to make is that of course you 
can use the Index to see what's been said and what's been 
done. But if you look carefully, you can see at the same 
time what has not been said and what has not been done. 


Maybe you're the one to say it. Maybe you*re the 
one to do it. How about it? ; 
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One of the oldest problems confronting those of us 
yengaged in making pictorial drawings is the pleasing, ac- 
ycurate, economical representation of curves - particular- 


ily of circles. The novice in this field usually learns 
some of the conventional methods and is pleased with the 


jresult. The practitioner probably uses templates in 
| 


nearly all cases. However, some of us do not have tem- 
plates and often the templates do not fit, then it be- 


icomes necessary to use some form of accurate construction. 


Fig. la 


‘The saddest case is that where accurately constructed el- 
lipses, produced either graphically or by templates, and 
conventionally produced curves appear on the same draw- 
ing; the result being, to say the least, unpleasant to 


the practiced eye. 


Fig. la represents the normal view of four tangent 


circles of equal diameter. Fig. 1b shows these four same 


circles in isometric, drawn accurately by the co 
four-center or "W" method. It may be noted that besides 
producing an unpleasant shape these circles are no longer 
tangent, but due to the inherent distortion of the method 
they either intersect or miss completely. This Sane dif- 
ficulty occurs often, particularly in schematic piping 


ACCURATE REPRESENTATION OF CIRCLES ON PICTORIAL DRAWINGS 


| Professor S. B. Elrod 
Purdue University 


diagrams, gear layouts, etc. Fig. lc shows this same set 
of circles constructed from their major and minor diame- 
ters. Not only are the individual circles more pleasing 
to the eye, but this drawing shows them in their proper 


relation to each other. 


Many methods have been proposed to improve the ap- 
pearance of so called ellipses which are drawn with com- 


passes using several different radii. Most of these 


nventional 


Fig. 1b 


methods appear cumbersome, hard to remember and teach, 
and require extreme accuracy. As a result of our effort 
to find a simple, easily remembered, and easily taught 

construction we feel that the following presentation will 


fill a great gap in the field of pictorial drawing. 


DETERMINATION OF AXES AND CONSTRUCTION OF ELLIPSES FROM 
CONJUGATE DIAMETERS. 


The magnitude and position of the major and minor 
diameters of an ellipse may readily be determined from 
any: known pair of conjugate diameters as shown in Fig. 72s 
This method is given in popular texts, therefore details 


and proof are omitted here. 
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Figs otc 


Given the conjugate diameters 1-2 and 3-4 with their 
center at 0. Draw the circle having 3-4 (short dia.) as 
its diameter and draw a-b, another diameter of the circle, 
perpendicular to 3-4. Connect a and b to either end of 
the long diameter, 1 in this case. Using point 1 as the 
center, swing the arc of radius l-a, locating c and d on 
line 1-b. b-c represents the magnitude of the major ax- 
is, and b-d the minor axis of the ellipse. Bisect the 
angle b-l-a; the major axis will be parallel to this bi- 
sector and thru the center 0. The minor axis is, of 
-course, perpendicular to the major and thru point 0. 


When the known conjugate diameters are equal in 
length, as in the case of an isometric, oblique, or the 
one face of a dimetric drawing, this construction is a 
bit simpler. In Fig. 3 the diameter a-b is drawn perpen- 
dicular to 3-4, and points a and b are connected to one 
terminus of the other conjugate diameter. The magnitudes 
of the diameters are determined as before. The bisector 
of the angle b-l-a will obviously be parallel to the bi- 
sector of the acute angle between the conjugate diameters, 
consequently this operation may be omitted. 


It can readily be proved that for any set of conju- 
gate diameters the line d-1 will always intersect the 
major and minor axes at 45°. Furthermore the mid-points 
of segments b-c and b-d will always lie on the major and 
minor axes respectively. If a line were to be drawn thru 
point 2 at 45° to the axes the distances from point 2 to 
the major and minor axes will be exactly the same as 
those found by bisecting b-c and b-d. Thus the entire 
process may be discarded, and the same results obtained 
by simply drawing the 45° line 2-r-s as shown in Fig. 4. 


The construction may be even more simple when draw- 
ing isometric ellipses. In Fig. 5 the directions of the 
major and the minor axes are easily determined for the 
ellipses in all three faces. 


The line 2-r-s is drawn at 45° to the axes. The 
distance 2-r is the magnitude of the semi-minor, and 2-s 


the semi-major axis. 


Since the major axis on the top face is always 


Fig. 2 


horizontal no involved angular measurements are required, 
simply use the 45° triangle and draw the line directly. 
If ellipses of the same size are to be drawn in other 
faces, the same pair of measurements may be used. How- 
ever, if it is necessary to perform this construction in 
either of the other faces the line can be drawn at 75° to 
the horizontal, since the major axes always slopes up at 
60°. 


Having determined the location and magnitudes of the 
axes the ellipses may be constructed by any desired means. 
For pictorial use the trammel method and the concentric 
circle construction are quite satisfactory. Where tem- 
plates are available they may be selected to fit the dia- 
meters determined and used without any further construction. 


A trammel may be constructed directly from this line, 
as indicated in Fig. 4, and used to plot the ellipse, or 
the distances 2-r and 2-s may be used as the radii of the 
circles to construct the ellipse by the concentric circle 
method. For the sake of accuracy we recommend the use of 
an "outside" or "long" trammel, i.e., the sum of the 
semi-axes, rather than the short trammel shown. 


PARALLELOGRAM METHOD 


The more universal parallelogram method is one which 
lends itself well to all forms of pictorial drawing. For 
any set of conjugate diameters, or the enclosing rhom- 
boid, the construction is as shown in Fig. 6. This is a 
common method found in many texts, therefore the follow- 
ing explanation is quite brief. 


Each half of the longer conjugate diameter is divid- 
ed uniformly and the halves of the short sides of the en- 
closing rhomboid is divided uniformly into the same num- 
ber of parts. Lines drawn from one end of the shorter 
conjugate diameter thru the points on the longer diameter 
will intersect lines drawn from the other end of the same 
diameter to corresponding points on the end of the rhom- 
boid (on the same side of the long diameter). The inter- 
sections will lie on the desired ellipse: for example, 
line a-2 intersects b-2', likewise a line b-2 would in- 
tersect a-2', and both points would lie on the curve. 
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4lels. 
mence dividers, etc. 


#cal method is almost mandatory. 
gcourse be drawn thru the proper vanishing point. 


The upper right quarter of this figure illustrates a 


graphical method of dividing the sides and diameters in 
the proper proportions by means of diagonals and paral- 
We recommend that this scheme be used in prefer- 


In the case of a perspective projection this graphi- 
The parallels will of 
The 


Fig. 3 


Fig. 5 


divisions thus produced will all appear unequal in 


length, but will be in the proper proportion perspec- 
tively. 


In the example shown each ‘half' is quartered, thus 
locating sixteen points on the ellipse. Additional 


points may be found on any part of the curve by merely 
bisecting the distances between corresponding pairs of 
points and drawing another pair of lines. 


— EQUAL-BUT 


LESS THAN 45° 


Fig. 4 


Fig. 6 
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THE UNIVERSITY OF FLORIDA 
WELCOMES YOU 


by 


Professor George O. Phelps 


Many of the visitors to the University of Florida 
next June, who are attending the Annual Meeting of the 
American Society of Engineering Education, will be re- 
visiting a State where they have spent many delightful 
days of vacationing, but they, and others who are 
strangers to our State, will be surprised to note the 
continually growing spirit of economic importance, de- 
veloped out of Florida's astounding industrial and 
agricultural expansion. 


The University of Florida takes pride in the 


knowledge that it has made and continues to make valuable 
contributions to that growth. The University is happy 
that the American Society of Engineering Education has 
seen fit to hold their Sixty-First Annual Meeting in con- 
nection with the Centennial Celebration of its founding. 


The beginnings of the University go back one hundred 
years, back to days when its first College of Arts and 
Sciences opened in 1853. With the passage of the Morrill 
Act, the College of Agriculture, College of Engineering, 
and the Agricultural Experiment Station came into being. 
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It is a matter of special interest to educators that 
as far back as 1905, the State Legislature wisely abol- 
fished the then existing six State Colleges and provided 
jin their place two new institutions of which the Univer- 
jSity of Florida is one. This Act of the Legislature pro- 
jvided for a Board of Control for the two newly created 
institutions composed of seven members representing the 
seven geographical sections of the State, all to serve 
without compensation except for travel and incidental ex- 
penses. 


Under the present program the University operates a 
lower division and an upper division. During the first 
two years the student is given basic comprehensive 


courses and essential background courses in preparation 
for the specialized fields. The junior and senior years 
are devoted to studies in the several specialized 
courses, From a pre-war registration of 3,000 the uni- 
versity has grown until the student body now numbers 
nearly 10,000. The Engineering staff has increased to 
approximately 240, inclusive of the Experiment Station 
personnel. It is interesting to note that there were 
twice as many freshmen engineers enrolled at the Univer- 
sity of Florida in 1951 as compared to 1941. 


The University of Florida is located in Gainesville, 
a city of about 30,000 people situated in the north cen- 
tral part of the State. Due to its location, you will 
find it convenient to visit many of Florida's unique at- 
tractions. Fernandina, site of some of Florida's most 
colorful history; Jacksonville, northern metropolis; St. 
Augustine, America's oldest city, with its ancient Span- 
ish fort and historical buildings, its alligator and 
ostrich farms, and museums; Marineland, with its trained 
porpoises and vast display of live marine life; Daytona 
Beach, where auto and motorcycle races are run on the 
broad smooth sands; the Ringling Art Museum at Sarasota; 
the sponge fleet at Tarpon Springs; mermaids at Weeki- 
wachee Springs; water skiing at Cypress Gardens; the Bok 
Tower; Silver Springs; the Palm Beaches; the Gold 
foast's famed Miami, and Key West. White Springs on the 
Suwannee River is the cite of the Stephen Foster Memor- 
ial. One of the most unusual motor trips is that from 
Miami to Key West over 122 miles of the famed Overseas 
jighway. The Everglades National Park offers well-marked 
trails through a vast wild-life sanctuary. Tours of some 
sf these points are being arranged for the conference and 
Sollege of Engineering staff members will be on hand to 
1elp you plan your trip through the State. 


The Campus of the University of Florida is noted for 
its palms and pines. Although the new buildings (Admin- 
istration, Student Service Center, Engineering, Gymnasi- 
im, Dormitories) are modern, they are designed to blend 
rith the original Gothic type of architecture. The Audi- 
‘orium and many of the older buildings are traditionally 


vine-covered. The General Library contains over 500,000 
books, The Florida Museum, containing historic and 
natural exhibits of Florida life, is located in the down- 
town Seagle Building. An interesting area in the new Ad- 
ministration Building is the Florida Center of Clinical 
Services. The Cancer Research Laboratory is engaged in 
important sponsored research. On and off campus, the 
Agricultural Experiment Station covers about 7,500 acres. 
Florida Field Stadium seats approximately 40,000 people. 
The Gymnasium has a capacity of about 7,000 people. The 
Florida Union is the official center of student activi- 
ties. The new air-conditioned Student Service Center is 
a gift of the alumni and houses "The Hub” soda fountain, 
the Post Office, and the Campus Bookstore. Here you may 
leave your laundry and cleaning for 24-hour service. 


The facilities of the Engineering Experiment Station 
include all of the equipment of the College of Engineer- 
ing now valued at about $3,000,000. When completed, the 
new Engineering Building will cover 250,000 square feet. 
This will provide Electrical, Mechanical, Industrial, 
Chemical and Civil Engineering laboratories, classrooms, 
administrative offices, and the air-conditioned Engineer- 
ing Sciences Library. Aeronautical Engineering and the 
wind tunnels are located in the Hangar. Nearby is the 
Radar Tower used for hurricane detection. Incidentally, 
this service to the State has saved lives and dollars and 
seems to have driven the storms away from Florida. 


Although Florida does enjoy mild winters and made 
its reputation as a winter resort, the State is fast be- 
coming one of the nation's most popular of summer vaca- 
tion lands. Summer nights are cool following the warmest 
days. Occasionally summer heat waves from the North and 
West penetrate into the Florida peninsula as do nation- 
deep cold fronts of winter; but when it is uncomfortably 
warm here, it is invariably warmer there; and when it is 
chilly here, it is much colder there. This statement can 
be verified in the weather report in your daily newspaper. 
Last year nearly 1,500,000 tourists came to Florida in 
midsummer for rest, recreation and physical refreshment. 
Nearly 2,000 miles of salt water shoreline are crowded 
with carefree vacationers. Fishing is at its peak in 
some 30,000 fresh water lakes and rivers as well as deep- 
sea angling and the popular surf-casting. The Annual 
Tarpon Roundup at St.Petersburg runs from May through 


July. 


The plans for the June Convention include a varied 
program for the ladies. Supervised nursery and play- 
ground facilities will be available, as well as a list 
of "sitters." We hope you plan to bring the family and 
enjoy, 2 real Florida vacation. Once you get Florida sand 
in your shoes, we know "you-all" will come again. 
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SIMPLIFIED CALCULATIONS FOR SPACE PROBLEMS 


by 
Robert M. Johnston, Instructor of Drafting 
California State Polytechnic College 


There seems little doubt that space problems con- 
fronting the practicing engineer are most satisfactorily 
solved graphically by applying the principles of descrip- 
tive geometry. These graphical solutions usually require 
much less time than calculated results and yet, with rea- 
sonable care, slide rule accuracy can be expected. 


On occasion, however, there will certainly occur 
problems that require precise mathematical treatment. In 
these cases, recourse is usually made to solid analytic 
geometry, requiring considerable ingenuity and mental 
gymnastics to cope with the varied situations that arise.! 


Possibly, we are overlooking an equally effective 
mathematical approach to these problems which requires no 
more than a knowledge of descriptive geometry plus ele- 
mentary trigonometry. It should be satisfying to the 
student to know that he can obtain precise mathematical 
results for his space problems without becoming involved 
in higher mathematics. 


Since orthographic drawing pertains to right angles, 
i.e., mutually perpendicular image planes and lines of 
sight, one might suspect that space problems solved by 
multi-view projection can be broken down into right tri- 
angles. This appears to be true, and will be the basis 
for solving two typical descriptive geometry problems. 


First of all, a graphical solution of the problem is 
made. This serves as a picture on which to record calcu- 
lated angles and distances. As each calculation is com- 
pleted, it is convenient to scale the drawing for these 
angles and distances as a rough check on calculations. 
Although only right triangles are encountered in these 


Building Line 


4 

A 


- 


7 
\ 
baw 
Fig. 1 


(Graphical Solution) 


examples, ability to handle simple proportion involving 
similar triangles and a knowledge of the sine and cosine 
laws is also useful. It is important to realize that all 
calculated angles and distances are projected angles and 
distances, having no spatial significance except on the 
image plane where they appear. 


The pictures included show for each problem? the 
graphical solution before and after the mathematical 
treatment. The progressive steps are numbered and shown 
near each calculated result; the order of the steps might 
vary slightly with the individual, but must proceed from 
the original given views to the auxiliary views, and 
sometimes back again, much in the same order in which the 
graphical steps were performed. 


PROBLEM ONE 


Connect skewed pipe lines AB and CD using two 45° el- 
bows. Using centerlines only, find the two points of 
connection, and the true length of this connecting 


pipe. 
CONDENSED SUMMARY OF CALCULATIONS 
Assume the cone diameters to be 4.0000’. Then the alti- 
tude and base radii of the cones as seen in the plan view 
will be 2.0000'. 


Step (1) By inspection, this angle is exactly 30°, since 
the cones are the same size and c,k, must bi- 
sect the angle formed by the slant heights of 
the cones. More calculations would be necessary 
if the cones were not the same size, i.e., el- 
bows with different bend angles. 


Step (2) Distance = 2.0000 x tan30° 
= 1.1547" 


\ 


\ 
@@ 
~@ 


Fig. 2 
(Mathematical Solution) 


1 Professors Hood, W i i 
ofe: » Wellman, and others in their texts suggest a formula from solid geometry f i i i 
This is most useful for finding the true lengths of lines and the angle between 


2 
Problems 9-16-23 and 9-7-1, Applied Descriptive Geometry, 3rd. Edition, F.M. Warner 


-Buikding L 
14547 (2) 
| 
"2 \ 
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Fig. 3 
(Graphical Solution) 


Distance = ¥ (2)?—(1.1547)? 
= 1.6330' 
1.6330 4.8333 
Step (4) 1.1547 ~distance (Similar triangles) 
Distance = 3.4176’ 
3.4176 
Step (5) Distance = 3.9463 
Step (6) Distance = 3.4176 x 2 = 6.8352' 
Step (7) Distance = ¥ (4.8333)” + (6.8352)? 
= 
280° 30". 
— 


PROBLEM TWO 


Find the slope and bearing of the shortest distance 
from point D to plane ABC. 


The two examples shown in Figures 3 and 4 illustrate 
the general method of attack that can be used on descrip- 
tive geometry problems whenever calculated results are 


necessary. 


Obviously, this is not a short-cut method; 


there is nothing particularly neat or refined about the 


solution. 


Tu its favor, however, I mention a few points 


for consideration. 


Fig. 4 
(Mathematical Solution) 


Acknowledgement is due Professor Frank M. Warner of the University of Washin 


to prepare this paper. 


When studying descriptive geometry, the conscien- 
tious student is more likely to be satisfied with 
his own progress if he knows at all times he 
could apply simple trigonometry directly on his 
drawing and get an exact answer. 


The graphical solution can be scaled for a step- 
by-step check against obvious errors in calcula- 
tions. 


-. It seems doubtful that the average engineering 


student has the necessary background in solid an- 
alytic geometry and calculus, and possesses the 
ingenuity to quickly set up equations for the 
varied situations as they occur. 


For the practicing engineer whose routine work 
seldom calls for the exact answer to a descrip- 
tive geometry problem, here is a method that is 
readily understandable, and is applicable to 
practically any situation that might arise. 


Step (1) 310 dist, triangles) 
Distance = 162.75' 

Step (2) = (similar triangles) 


Distance = 52.25' 


Step (3) tan of angle = ae 0.93095 
Angle = 42° 57' 09" 
Note: This angle fixes fold-- 
line 1/3 as well as the bear- 
ing of the required perpendic- 
lar. 


Step (4) Projected lengths seen in plan 
view: 
b,c = V(110) + (310) = 328.94" 


= V(590) 2 + (340)? = 680.96" 
c1d, = ¥(310) 2 + (160) ? = 348.86' 


Step (5) Angles with respect to fold- 
line 1/2 


tan / a4C, L=29> 13% 


10 ° w 
tan = /=62° 42' 00 


(Continued on page 24) 


gton for his original thinking and encouragement that prompted me 
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&th edition 


French & Vierck’s 


ENGINEERING DRAWING 


715 PAGES 
$6.00 


Of all the books published in this field, Engineering Drawing has been, 
since its publication in 1911, the standard work on the subject. The new 
revision is designed to maintain that position of leadership. 
a leader The authors: THOMAS E. FRENCH, Late Professor of Engineering Drawing, 
sinee I9I1 1 and CHARLES J. VIERCK, Professor of Engineering Drawing, with the as- 
sistance of: CHARLES D, COOPER, PAUL E. MACHOVINA, RALPH S. PAFFEN- 
BARGER, and HOLLIE W. SHUPE, all of the Department of Engineering’ 
Drawing, The Ohio State University. 


In this new edition a revised arrangement and chapter order has been evolved. Material is now 
arranged in four basic divisions. First, all the basic material on shape description is presented, 
including pictorial sketching, perspective, intersections, and developments. Second, the chapters 
on size description are given, including the relationship between the drawing and the shop, and 
also the advanced material on precision and limit dimensioning. Third, the basic machine elements 
are discussed — screw threads, fasteners, keys, rivets, springs, gears and cams, etc. Fourth, the end 
point of all material included thus far is given, the chapter on working drawings, which is followed 
by the related specialties, architectural, structural, map and topographic drawing, etc. 


Send for a copy ¢ 


McGRAW-HILL BO 


330 West 42nd Street 


NEW EIGHTH 
AGNEERIG 
DRAWING 
& FOR STUDENTS 
AND DRAFISMEN 
NS GHARLES VIERCK t 
mearaw- mitt COMPANY 


The material on screw threads and fasteners has been entirely 


rewritten to conform to the new unified thread standards. 


The first chapter now outlines the whole subject and 
gives an excellent account of what engineering 


drawing is. 


Architectural material is virtually all new, and the new modular 


and grid systems are explained and illustrated. 


Several new geometrical methods have 
been added to the chapter on Applied 
Geometry, which has been completely 


rearranged, 


Working sketches have been included in the section on working 


drawings. 


The chapter on orthographic reading is almost 
wholly new, and is now the most complete treatise 


on the subject available. 


The treatment of keys, rivets, and springs has been contempo- 


rized and follows new standards and practices. 


The material on welding is new and conforms to 
new ASA Standard. 


wal now 


COMPANY, Ine. 


New York 36, New York 


Two problem books will be available for use with 
the new edition. One will be a combination of 
8% x 11 and- 11x 17 size sheets. The other will 
include only 8% x11 size sheets. 


Textfilms are also available to accom- 
pany ENGINEERING DRAWING. 
Information regarding textfilms may be 
secured from the Textfilm Department 
of the McGraw-Hill Book Company. 
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(Continued from page 21) 


Step (6) Distance between projectors relating views (1) Step (8) Projected length of b3d3 = 
on fd 328.94 x sin62° 29' 21" ¥ (120)2 + (409.62)? = 426.83' 
£0) 2 68096 sinl2° 59' 46" tan Angle b3d3 makes with foldline 1/3 = 
c tod 348,86 sinl9° 44' 51" = 16° 19' 43" 
Step (7) tan of slope of plane ABC = sos : 
Slope = 53° 53° 45” Step (9) Shortest distance from D to ABC = 
(90°) 06" 15” 426.83 x sin37° 34' 02" = 260.23' 
PROGRAM 
ANNUAL MEETING 
of the 


ENGINEERING DRAWING DIVISION OF THE A.S.E.E. 


Monday, June 22 12:00 P.M. 
2:00 P.M. Engineering Drawing Division Luncheon (joint with 
(1) “British and American Methods of Expressing Toler- Division) . 
ances on Drawing - Professor Elrod - 
Purdue University. Speaker: Dean N. W. Dougherty, University of Tennessee 
(2) "Validity of Examinations" - Professor I, Wladaver, Topic: "ECPD Inspection Procedures and Results". 
New York Univ. Business Meeting. 


(3) "Transfer of Ideas to Develop Creative Thinking” - 
Professor Matthew McNeary, Univ. of Maine. 


Wednesday, June 24 


6:00 P.M. 
Engineering Drawing Executive Committee Dinner Meeting. 2:00 P.M. 
Tuesday, June 23 (1) "Where Shall We Draw The Line" - Mr. Soderquist, 
5-30 LM Boeing Airplane Co. 
(1) “Trimetric Projection" - Professor John E. Senne, (2) "The Role of Graphics in Engineering Education" - 
Washington Univ. Professor Frank A. Heacock, Princeton University. 
(2) "Engineering Drawing in the Atomic Engineering 6:00 P.M 
Field" - Professor Eugene H. Brock, A & M Col- (At 
lege of Texas. Engineering Drawing Division Dinner. 
REPORT OF THE BIBLIOGRAPHY COMMITTEE 
by 
Professor H. H. Fenwick, Chairman 
University of Louisville 
NEW AND REVISED BOOKS 
Author Title Ed. Publisher Year Pages Price 
Bishop, C.C. Electrical Drafting and Design 3 McGraw-Hill 1952 -- $4.50 
French, T.E. & Manual of Engineering Drawing for Students and 
Vierck, C.J. Draftsmen 8 McGraw-Hill 1953-715 6.00 
Giesecke, Mitchell Technical Drawing 3 MacMillan Co. 1952 851 5.00 
& Spencer 
Giesecke, Mitchell Lettering Exercises Rev. MacMill 
Grant, H.E. Practical Descriptive Geometry 1 McGraw-Hill 1952 253 4.00 
Heine, G.M. How to Read Electrical Blueprints 1 Am. Technical Co. 318 3.00 
Hoelscher, R.P., Graphic Aids in Engineering Computation —- Hi 
1 McGraw-Hill 1952 197 4.50 
Pierce, S.H. 
Hoelscher, R.P. & Industrial Production Illustration i 
11 Pitman Pub. Co. 1952 243 5.70) 
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(Howe, H.B. 
jLuzadder, W.J. 
¢Johnson, L.H. 
iMartin, C.L. 


sPare', Eugene, 
7 Loving, Robert 
fH Hill, Ivan 


iPorsch, J.H., 
} Elrod, S.B., 
1 Hammond, R.H. 


jRule, J.T. & 
Watts, E.F. 


WRule, J.T. 
Watts, E.F. 


Taylor, H.H. 


Turner, W.W. 


Author 
Adams, G.C. 


Aitchison, A. 


Barrow, G. 


'Bradley, A.L. 
'Freedson, J. 


‘Fuller, R.B. 
Gillingham, T.E. 
Harper, J. & 
Casady, M.E. 
Helmke, E.C. 


Lane, J.F. 
Lee, C.A. 


Patton, W.G. 


Rhoden, M. 


Sanderson, A.E. 


Swain, P. 


Teuscher, F.L. 


Thuering, G.L. 
Varnum, E.C. 


Wrather, W.E. 


Title 
Descriptive Geometry 
Fundamentals of Engineering Drawing 
Nomography and Empirical Equations 
Architectural Graphics 


Descriptive Geometry 


Problems in Engineering Graphics and Descriptive 
Geometry 


Engineering Graphics 
Engineering Graphics Workbook 


Dictionary of Architecture 


Shades and Shadows 


MAGAZINE ARTICLES 
Title 


Basic Engineering Standards and Their Place in Design 
Eight Steps to Take Before you Make a Move 

How to Specify Precision Knurls 

Better Film Views with Plastics 

Product Drawings as Training Aids 

Constructing Arcs Tangent to Circles 


Slides and Films; Multi-purpose Tools for Meetings 
(Part 2) 


Better Ways to Prepare File and Index Mine Maps and 
Drawings 


Templates of Detail Profiles Promote Drafting 
Efficiency 


Practical Dimensioning 

Engineering Perspective Drawings 

Avoid Blue Print Trouble When Adding New Equipment 
Lighting A Drafting Room 

New Standard Consolidates Bolt and Nut Dimensions 
Objectives in Industrial Design 


Plastic Prototypes, Perspective Drawings, Special New 
Product Production 


Simple Way to Draw Nomographs 
Infinite Sphere 

Stereo Photography Is Back in Style 
Easy Sketching System 


Template Drafting; Reliance Elec, and Manufacturing Co. 


Templates Photography Low Cost Drawings 


How to Get Faster, Better, Less Expensive Plant Layout 
Drawings Without Drafting 


Circular Nomograms, Theory and Construction Technique 


National Topographic Mapping 
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Ed. Publisher Year Pages Price 
1 Ronald Press 1952) $4525 
3 Prentice Hall 1952 729 5.75 
1 John Wiley and Son 1952 150 aie (ha) 
1 MacMillan Co. 1952 224 4.00 
1 MacMillan Co. 1952 310 4.00 
1 Balt Publishers 1952 90 3.00 
Southworth's Ext. prob. 
Ser., W. Lafayette, sheets 
Indiana 
1 Pitman Pub. Co. 1952 298 3.75 
1 Pitman Pub. Co. 4.00 
1 John Wiley & Sons 1952 221 4.50 
1 Ronald Press 1952 122 
Magazine Vol. Page Date 
Engineering 173 380-1 Mar. 1952 
Ind. Marketing 37 201 June 1952 
Pro. Eng. 23 142-3 May 1952 
Mod. Plastics 29 81-3 June 1952 
S.A.E.J. 60 21-3 July 1952 
Mach. 58 204-5 June 1952 
Sales Management 68 12-14 April 1952 
Eng. and 153 89-93 May 1952 
Mining J. 
Product Eng. 23 178-80 Nov. 1952 
Mach. Design 24 172-4 Feb. 1952 
Mach. Design 25 106-11 Jan. 1953 
Chem. Eng. 53. 176-7 April 1952 
Eng. 47 647-8 Dec. 1952 
Mach. Design 24 129-30 July 1952 
Product Eng. 23 171-8 April 1952 
Iron Age 170 155-8 Sept. 1952 
Chem. Eng. 59 146-7 Nov. 1952 
J. Eng. Educ. 42 402-5 April 1952 
BSNS W. 72 July 1952 
Power 96 156-140 Sept. 1952 
Oct. 
Mach. Design 24 109 July 1952 
Product Eng. 23 186-90 May 1952 
Factory 110 88-9 Oct. 1952 
Management 
Product Eng. F28-30 1953 
Hdbk. p- 
AM Soc.C.E.Proc. 77 1-6 April 1951 


Completely Revised and Up-to-Date! 


FUNDAMENTALS 
EERING 
AWING 


Third Edition 
by Warren J. Luzadder, Purdue University 


H ERE is a truly up-to-date text with tables, prob- 
lems and illustrations based on the new British-American 
Unified Screw Thread. 


You will find this book is written so that you can spend your time 
teaching fundamental principles instead of answering scores of questions 
on details. Professor Luzadder constantly keeps in mind the students 
and the questions they usually ask. Consequently, students are 
always able to find an understandable illustration with a 


simple explanation for any difficult detail they may 
encounter. 
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HIGHLIGHTS OF THE NEW EDITION 


e Many more new assembly drawings from which students 
may make drawings of individual parts. 


¢ Shaded pictorial drawings present the rotated parts of 
the mechanism. Students working problems designed 
about these drawings must do some reasoning to produce 
a correctly finished work. 


e All new “part” problems show adjacent parts so students 
can understand the function of the assigned part in a 
mechanism. For students the problem has much more 
significance and the part is not an unrecognizable piece. 


e Brand new chapters on Architectural Drawing (chapter 
23) and Graphical Calculus (chapter 29). 


e Expended coverage of Engineering Geometry, Dimen- 
sioning, Auxiliary Views, and Structural Drawing. 


e Many new and practical problems — particularly in the . 


chapter on Working Drawings (chapter 19). 


e Students use the new drafting standards of the American 
Standards Association, plus the existing standards of the 
Association and The Society of Automotive Engineers. 


721 pages 62 x0? 


PROBLEMS IN ENGINEERING DRAWING 
3rd Edition 


These 71 up-to-date worksheets were designed as a com- 
panion to the text. They are, however, adaptable to any 
standard text on engineering drawing and offer valuable 
follow-through to regular text work. The problems are in 
the furm of partial layouts on manila-type drafting, graph, 
and regular bond paper. The sheets are loose, inserted in a 
heavy envelope with a booklet of instructions, and punched 
for keeping in a binder. 


- 
ELEMENTS OF 


DESCRIPTIVE 
GEOMETRY 


Part I — Text; 
Part II — Problems 


by Lewis O. Johnson and 
Irwin Wladaver, New York University 


Here is a brand new, up-to-date com- 
bination of text and workbook for a 
basic course in descriptive geometry. It 
is a combination that covers the funda- 
mentals which should be part of the 
stock in trade of every beginning engi- 
neer. 


The new Johnson and Wladaver stresses 
underlying principles . . . familiarizes 
the student with the equipment he will 
need to understand and interpret what 
he sees on a blueprint. It offers the fu- 
ture engineer the basic material to help 
him direct the work of others and help 
himself put his own ideas into tangible 
form. 


ELEMENTS OF DESCRIPTIVE GE- 
OMETRY has been especially prepared 
for use in departments where the 
amount of time allotted to descriptive 
geometry has been reduced. 


Text—74 pages 81/, x 11 Illustrated 
Problems—71 pages 81/4, x 11 


Fox approval copies unrile 


> PRENTICE-HALL, Inc. 


70 FIFTH AVENUE, NEW YORK 11,N.Y. 


| 

\ 

| 

| 

| 


28 JOURNAL OF ENGINEERING DRAWING 


GEOMETRIC CONSTRUCTIONS 


Frederick E. Giesecke, Ph. D. 


Formerly, Professor of Drawing 
Texas A & M College 


To draw a cylindrical helix with the aid of tangents. 


A helix can be defined as the line traced on the 
surface of a circular cylinder by a point moving at a 
uniform rate along and around the cylinder; or as the 
line traced on the surface of a circular cylinder by a 
point moving so that the line intersects every element 
of the cylinder at the same angle; or as the shortest 
line which can be drawn on the surface of a circular 
cylinder connecting two points on the surface of the 
cylinder but not on the same element. 


Basing the drawing on the first definition, the 
surface of the cylinder can be divided longitudinally 
and circumferentially into any number of equal parts, 12 
for example, and the desired helix drawn by connecting 
the resulting 13 points of intersection of the dividing 
lines by a curved line, as shown in Fig. 2(a) and (b). 


However, greater accuracy can be secured if the 
draftsman is guided by straight-line tangents at the sev- 
eral points of the helix and, in addition, by circular- 
arc tangents at the vertexes of the helix. 


To find the projection of any one of the 13 
straight-line tangents, draw the double circular cone, 
Fig. 2(c), whose axis coincides with the axis of the 
cylinder and whose elements make the same angle with a 
plane perpendicular to the axis as do the helix and its 
straight-line tangents, namely, the angle whose tangent 
is the lead of the helix divided by the circumference of 
the cylinder, or L/2xR. Since the diameter of the base 
of the double done is 2R, its altitude is 2R L/2mxR or 
L/t. The reason for drawing the double cone instead of 
only the lower single cone is that the directions of the 
tangents can be determined more accurately because the 
elements of the double cone are twice as long as those of 
the lower single cone, Every element of this cone is’ 
parallel to two tangents at the helix in each turn or 
convolution of the helix. 


To simplify the construction, the top view of the 
cylinder, Fig. 2(a), is used also as the top view of the 
-cone; in this double use, the top view represents twelve 
elements of the cylinder, namely 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, and 12; and also seven elements of the double 
cone, namely 1-7, 2-8, 3-9, 4-10, 5-11, 6-12, and 7-13. 


Having drawn the cone, to find, for example, the 
tangent at the point 6, conceive two planes to be drawn, 
one tangent to the cylinder at the point 6 whose top view 
would be the line HT, and a second plane through the axis 
of the cone and parallel to the first plane. The second 
plane would intersect the surface of the cone in two ele- 
ments shown in the top view by the line 3-9 and in the 
front view by the lines 3-9 and 5-11. The line 3-9 is 
parallel to the tangent lines at the points 6 and 2 and 


the line 5-11 is parallel to the tangents at the points 8 
and 12. 


These four tangents can then be drawn parallel to 
the respective elements of the cone. 


The tangents at the points 3, 5, 9, and 11 can be 
found in a similar way by conceiving a plane to be drawn 
through the axis of the cone and parallel to the plane 
which is tangent to the cylinder either at the points 3 
and 9 or 5 and 11. 


The tangents at the points 4 and 10 are parallel, 
respectively, to the extreme left and the extreme right 
element of the lower cone. 


The tangents at the points 1 and 13 are parallel to 
the central rear element of the lower cone; the tangent 
at the point 7 is parallel to the central front element 
of the lower cone. 


To find the circular-are tangent at a vertex of the 
helix, for example at vertex 7, Fig. 2(b), conceive a 
plane to be passed through the diameter of the cylinder 
at vertex 7 and oblique to the axis of the cylinder; the 
plane would intersect the cylinder in an ellipse the 
front view of which would be an ellipse except when the 
secant plane makes an angle of 45 deg. with the axis of 
the cylinder, in which case the front view of the ellipse 
would be a circle, a special case of the ellipse. 


An infinite number of ellipses can be secure in this 
way; three of them are shown. Every one of the infinite 
number of possible ellipses would be tangent to the helix 
at the point 7 but the degree or the order of their tan- 
gency would vary with the angle which the plane of the 
ellipse makes with the axis of the cylinder. The ellipse 
which has the highest order of tangency with the helix is 
the one whose plane contains the straight-line tangent at 
the point 7; it is the middle one of the three ellipses 
shown; its minor axis is L/x as shown indirectly in 
Fig. 2(d). 


The osculating circle of this ellipse at the point 7 
is also the osculating circle of the helix at the point 7 
The center of the osculating circle can be found graphi- 
cally as explained on page 29 of the November 1952 issue 
of The Journal of Engineering Drawing. 


To use the graphical method of finding the center of 
the osculating circle, it is necessary to know the length 
of the minor axis of the ellipse; this length is equal to 
the diameter of the cylinder times the tangent of the 
angle made by the straight-line tangent at the point 7 
with a plane perpendicular to the axis of the cylinder; 


L 


L 
Lt Semen or as shown in Fig. 2(d). 


Instead of using the graphical method, the radius of 


by 
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1 the osculating circle can be calculated as indicated for 
vertex 4 in Fig. 2(d). 


The radius of the osculating circle can be calculat- 
2 


| b 
9ed since it is equal to = Where b and a are, respec- 


i tively, the semi-minor and the semi-major axis of the 


2 2 
i ellipse; hence the radius is eS i- 
39.48R 
2 
jmately, but with sufficient accuracy, 


The circular-are tangents can then be drawn at the 
vertexes 1, 7, and 13. 


Fig. 2 


In practice it is generally sufficiently accurate to 
draw the osculating circles at the vertexes and only the 
two straight-line tangents which are parallel to the 
plane of projection, as shown in the side view, Fig. 2(d), 
and to connect these tangents by the aid of irregular 
curves of suitable form. In the side view the center of 
the osculating circle was found by drawing the axis of 
the osculating ellipse M - 10 and setting off the semi- 
minor axis from M to N and then by drawing first; the 
diagonal of the rectangle circumscribed about the oscu- 
lating ellipse, N - 0; second, the upper side of the rec- 
tangle N-P; and third, the line P - X from P perpendicu- 
lar to the diagonal N - 0 to intersect the diameter of 
the ellipse in the point S, the required center of the 
osculating circle of the ellipse and of the helix. 


A WORD ABOUT UNIT TESTS 
IN ENGINEERING DRAWING 


The direct sale of the UTED materials has been discontin- 
ued for some time.. However, because a number of individ- 
uals have indicated an interest in these tests, Educa- 
tional Testing Service is attempting to keep them avail- 
able by adopting the following plan. 


1. "Kits"of the UTED materials will be prepared and 
sold to colleges and industrial concerns that are 
interested is using the tests. These kits will 
authorize and make possible the reproduction of 
any one or all of the 16 tests, answer sheets and 
accessory materials for use solely by the pur- 
chaser within his organization. 


2. Each "kit" will contain the following: 

(a) 2 copies of each of the 16 unit test book- 
lets. 

(b) 2 copies of each of the 16 answer sheets. 

(c) 2 directions for administering the tests. 

(d) 2 instruction sheets for reproducing any or 
all of the materials. 

(e) 2 copies each of the 16 scoring stencils. 

(f) Copies of UTED Report of Score Distribu- 
tions. 


3. Purchasers will agree not to reprint any of the 
above for resale, and will be asked to return to 
ETS two copies of the UTED Report of Score Dis- 
tributions (f) after each administration. De- 
pending upon the apparent usefulness of the re- 
turned score distributions for the purpose of 
preparing suitable norms, later arrangements 
would be made for meeting the cost of developing 
those norms. 


4. Each "kit" will cost $20, and will be available 
to users about March 1, 1953. 


5. Sample sets of the "kits" are not available. 


While Educational Testing Service was reluctant to dis- 

continue the direct sale of UTED answer sheets, question 
sheets, etc., the small demand and rising handling costs 
necessitated this action. The above plan, however, is a 
sincere effort to keep these excellent tests available to 


interested individuals. 


Warren Allen Rhule 
Administrative Assistant 
to Dr. A. F. Johnson 
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FORMING TOOL CALCULATIONS — GRAPHIC AND ALGEBRAIC 


Professor 


by 
J.H. Porsch 


Department of General Engineering 
Purdue University 


INTRODUCTION 


The term "forming tools" is applied to a wide varie- 
ty of tools or machines that shape a product to some pre- 
determined form. Illustrative of these and the fields in 
which they are used are the skin and hull forming machines 
for aircraft and ships, shaper knives in woodworking, 
stamping and die-casting machines, and forming rolls and 
extrusion dies in metal and plastics. Others in the 
metal-cutting industry include-hobs, milling cutters, and 
screw-machine tools. The scope of this paper is limited 
to those cutting tools used in screw-machines, yet appli- 
cation to other similar tools and uses may be apparent. 


Some tools are shaped precisely to form a product, 
and their contours are usually calculated. Others are 
less precise, and cut-and-try or just pure guessing meth- 
ods are used in shaping the tool. A search through the 
many published articles on this subject reveals two ob- 
servations of significant interest. First, the determi- 
nation of the shapes of tools to form a product to a 
given profile is both difficult and tedious. This is in- 
dicated by the numerous articles on the cut-and-try meth- 
ods, conversion tables, nomograms, and by the comments of 
the authors writing on these as well as other methods. 
The following quotations from several articles are typi- 
cal. From Mr. Fritz L. Keller in his article in Machin- 
ery, November 1947 - "Many toolmakers and designers con- 
sider it difficult to calculate the developing angles to 
which a circular forming tool should be ground to produce 
given cutting angles.” From Mr. Theodore Weber, Jr., 
then Chief Design Engineer with the Palisade Engineering 
Company in his article in The Tool Engineer, May 1946 - 
"Calculating the diameters of circular form cutters, to 
correct for both top rake and offset, is ordinarily a 
time-consuming operation involving the solution of two 
oblique triangles. Not only are the calculations quite 
involved, but the degree of accuracy is such that the 
slide rule is out of the question, and the operator must 
resort to a calculating machine or six place logarithmic 
tables." And from Mr. O. A. Johnson, then Chief Tool De- 
signer for Tyson Roller Bearing Corporation in his ex- 
haustive articles in the American Machinist, 1932 - "One 
of the most perplexing, tedious problems that confronts a 
tool designer is the design of forming tools.” 


The second significant observation is that few arti- 
cles attack the problem graphically; more are devoted to 
the toolmakers methods, while the greatest number is de- 
voted to various mathematical approaches, including con- 
version tables and nomograms. The dearth of articles on 
the graphical approach may be due to the feeling that the 
method is inadequate or impractical, as expressed by Mr. 
Johnson in his further opinion as follows: "Some have 
tried to solve the problem by the projection method, lay- 
ing out the tool in actual cutting position. This method 
requires a skilled engineer, and the layout would have to 
be several times actual size in order to give sufficient 
accuracy for tools for tapered roller bearing parts or 
Similar precision jobs. In some cases, it would be im- 
possible to do this." 


The revealing and perhaps disappointing observation 


is that designers and engineers have forsaken their tools- 


in-trade, namely, the straightedge, triangle, scale, etc., 
for the just-as-important, but sometimes more unwieldy, 
tool, mathematics. The failure to use graphics obviously 
could not be criticized if it were unsuitable for the 


problem. The facts are, however, that since screw-machine 
forming tools and products are usually small and permit 
reasonable tolerances, they are adaptable to a graphical 
solution in that the drawing can be enlarged to obtain an 
acceptable degree of accuracy. 


It is intended at this time to show you some mathe- 
matical and graphical solutions to problems of this nature 
and to point out the desirability of the graphical method 
through the simple use of the common drafting tools. 

These observations and conclusions are based upon the ex- 
periences gained during and since the last war in calcu- 
lating the shapes of many straight and circular forming 
tools. 


First of all, in a general way, an introduction to 
the types and characteristics of some of these forming 
tools should be given. 


KINDS OF FORMING TOOLS 


There are two general classifications for forming 
tools - flat, or straight, and circular. See Figure l. 
The flat tools usually feed at an angle of 90° to the 
centerline of the product, or tangentially. The latter 
kind is called a shaving or skiving tool and produces a 
smoother finish. The top views show the tools feeding at 
90° to the centerline of the product. Parts A and B show 
two positions feeding radially, and Part C shows the tan- 
gentially moving tool. 


Circular forming tools have several classifications: 
those feeding at or less than 90° to the centerline of 
the product; and those that form the product either ex- 
ternally or internally (Fig. 2). The top views show the 
tools feeding at 90° toward or away from the centerline 
of the product; Part A shows the product and tool ar- 
ranged for cutting externally and Part B shows the inter- 
nal position for cutting. 


Figure 3 shows the tools feeding at an angle of less 
than 90° toward or away from the center of the product 
for both the external and internal positions. There are 
some advantages to these feeding angles in that a larger 
portion of the product can be made with one tool, and 
tool costs, set-up time, and tool sharpening are reduced. 
The tools in these same positions may be fed at 90° to- 
ward or away from the center of the product, but for the 
internal tools more time is required because the tools 
must be fed parallel to the centerline and then radially 
toward the product. 


When forming a product the flat and circular tools 
may be used in combination, and for characteristics of 
certain products, intermediate roughing form tools are 
used prior to the finishing form tool (Fig. 4). Here are 
shown two multi-spindled setups with one showing all flat 
tools and the other in combination. As the stock is ro- 
tated into these positions, successive cutting operations 
are performed by the tools. 


CHARACTERISTICS OF CUTTING POSITIONS AND MOVEMENTS 


With this introduction let us now discuss the char- 
acteristics of the cutting positions and movements of the 
tools. See Figure 5. Factors that affect the shape of a 
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forming tool are the positions, with respect to the prod- 
uct, of the two surfaces forming the cutting edge, and 
the stopping point of the tool either "at" or "past" the 
center of the product. The name associated with the an- 
gle of the cutting face is the "rake” angle, and that 
with the clearance face the "clearance” angle. If the 
cutting face is at an angle other than 90° to the sides 
of the tool, a "vise angle” is said to be introduced, and 
the tool has a "compound rake” angle. Here we see the 
effect of the positions of these surfaces on the shape of 
a tool. For ease in describing the following discussion 
has been confined to the flat tools, for, with few excep- 
tions, it is applicable also to the circular tools. In 
Part A the tool has neither rake nor:clearance angle and 
the cross-sectional shape of the tool is the same as the 
section of the product formed by a vertical plane passed 
to contain the axis of revolution. The depth (d) of the 
cutting portion of the tool is the same as the difference 
between the largest and smallest diameters of the product, 
and remains unchanged for the tool stopping at or passing 
the center of the product. In Part B a positive rake an- 
gle is introduced, but by reason of the tool progressing 
beyond the center of the product the depth and shape of 
the tool remain the same as in Part A. In Part C, with 
positive rake angle and zero clearance angle, the tool 
stops with its foremost cutting tip, which forms the 
smallest diameter on the product, at the center of the 
product. In this case the plane of the cutting face does 
not contain the axis of revolution of the product and the 
>ffect is to decrease the depth of the tool. Compare (d) 
and (d,) in Parts B and C. In parts E and F clearance 


Fig. 7 


angles other than zero are introduced and the effect is 
to decrease further the depth of the tool. Compare (d) 
with (dj) in Part E, and (d,) with (ds) in Part F. We 
might summarize these observations by stating that the 
depth (d) of the total needed to form the difference be- 
tween the largest and smallest diameters of the product 
is always decreased by the addition of a clearance angle, 


and usually decreased by the addition of a rake angle. 


Qur attention is now directed to the shape of the 
cutting edge, that is, to the kinds of lines that compose 
it. In so doing we should analyze the surfaces of revo- 
lution usually formed on a product (Fig. 6). They are 
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the plane, the cylinder, the cone, the torus, and the 
sphere. These have been combined in whole or in part to 
form the product shown, although the usual procedure is 
to break the product down into these surfaces. 


Planes containing the axis of revolution of the 
product, as in Part A, cut straight lines from the cone, 
plane and cylinder, and circle arcs from the torus and 
sphere. These are indicated by the letters S and C, for 
straight lines and circles respectively, in the left side 
view which shows the true shape of the locus of cutting 
points of the tool. Tools passing the center of the 
product are shaped to fit this locus. 


Planes parallel to the axis of revolution, as in 
Part B, cut straight lines from the plane and cylinder, a 
hyperbola from the cone, a circle from the sphere, and 
ovals from the torus. The respective letters S, R, C, 
and O indicate these lines in the auxiliary view which 
shows the true shape of this locus of cutting points. 
Tools stopping at the center of the product are shaped to 
fit it. Note that the cutting surface of the tool in 
this instance the same as the cutting plane. 


In Figure 7 we now combine and elaborate further on 
the characteristics described by depicting a composite 
illustration of tools, as in Part A, in the shapes and 
positions to fit these cutting lines. Reemphasizing pre- 
vious observations, the angle and position of the cutting 
plane, or cutting face of the tool for the most part, es- 
tablishes the cutting line. whereas the clearance angle 
changes the proportions of the cross-sectional shape of 
the tool. In part A the horizontal tool shown by dot- 
dash lines, either stopping at or passing the center, has 
a cross-sectional shape with the cutting edge outlined by 
three straight lines and two circular arcs. Adding a 
rake angle and stopping the tool at the center, the cross- 
sectional shape is changed so that the cutting edge is 
now outlined by two straight lines, a fore-shortened 
hyperbola and oval, and an ellipse. And finally, the ad- 
dition of a clearance angle to the latter tool leaves the 
outline composed of the same kinds of lines, but the 
amount of fore-shortening is greater. 


Defining and determining the dimensions for the 
shape of a tool is one problem; of greater concern per- 
haps is fabricating the tool to obtain the prescribed 
shape. How is the toolmaker, for instance, to produce 
hyperbolical or elliptical cylindrical surfaces? Tem- 
plates have been used but until relatively recent years 
with the advent of the comparator or associated devices, 
they were not especially accurate and were difficult to 
produce. However, machines were available to produce 
plane or cylindrical surfaces. And wherever tolerances 
or slight distortions of surfaces would permit, the 
easily machined surfaces were substituted for the more 
difficult. In relating these comments to the problem in 
Part A, the hyperbolic cutting surface could be replaced 
by a plane surface, and the oval and elliptical surfaces 
approximated by circular cylindrical surfaces (Fig. 7). 
If these changes are made the effect on the product would 
be to make the conical surface "dished," or in more aca- 
demic terms, a hyperboloid of revolution. If a true cone 
is necessary and the other surfaces approximate, a means 
for eliminating the "dish" is to introduce a compound an- 
gle as shown in Part B. The angle is selected so that 
the cutting edge to form the cone is a straight line ele- 
ment of the cone. In this event the cutting plane, now 
no longer parallel but oblique to the centerline of the 
product, cuts lines which project as ellipses for the cyl- 
inder and sphere, and "what-have-you" for the torus. And 
again, if these last surfaces need be only approximate, 
they may be replaced by plane and circular cylindrical 
surfaces. Illustrating, line 1 can be made straight, and 
lines 2 and 3 circular. 


EDITOR'S NOTE: 


\ 
\ 
\ 


Fig. 8 


Time does not permit a similar elaboration for the 
circular tools, but a few points should be mentioned and 
illustrated quickly (Fig. 8) Here are shown three tools 
with zero, positive, and compound rake angles, and their 
corresponding cutting edges on conically shaped products. 
Note that 1) the center of the tool is placed above the 
center of the product to provide clearance; 2) the cut- 
ting edge is on or below the center of the product ; 

3) the tool moves radially only; and 4) the plane of 
the cutting face of the tool again determines the cutting 
edge or cut section from the product. The faces of the 
tool therefore must be shaped to fit these cutting edges 
which are the same as for the flat tools under similar 
conditions, 


This article will be completed in our November issue, The graphical solution should be of particular interest to our readers, 
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